Objective: Ensuring the ability to exchange patient information among disparate electronic health records systems is a top priority and a domain of substantial public investment across countries. However, we know little about the extent to which current capabilities meet the needs of frontline clinicians. Materials and Methods: We conducted in-person, semistructured interviews with emergency care physicians and nurses in select hospitals in Canada, Denmark, Finland, Germany, and the USA. We characterized the state of health information exchange (HIE) by country and used thematic analysis to identify the perceived benefits of access to complete past medical history (PMH), the conditions under which PMH is sought, and the challenges to accessing and using HIE capabilities. Results: HIE approaches, and the information electronically accessible to clinicians, differed by country. Benefits of access to PMH included safer care, reduced patient length of stay, and fewer lab and imaging orders. Conditions under which PMH was sought included moderate-acuity patients, patients with chronic conditions, and instances where accessing PMH was convenient. Challenges to HIE access and use included difficulty knowing where information is located, delay in receiving information, and difficulty finding information within documents. Discussion: Even with different HIE approaches across countries, all clinicians reported shortcomings in their country's approach. Notably, challenges were similar and shaped the conditions under which PMH was sought. Conclusion: As countries continue to pursue broad-based HIE, they appear to be facing similar challenges in realizing HIE value and therefore have an opportunity to learn from one another.
countries. There has also been work to benchmark levels of HIE across countries, including a recent large-scale effort by the Organization for Economic Cooperation and Development that found that the majority of countries had at least 50% of hospitals able to electronically access imaging data from outside sources. 8 However,
there is little evidence that speaks to the experience of frontline clinicians with HIE and the extent to which their information needs are being met. 9, 10 Additionally, existing descriptions of eHealth strategies do not capture intracountry variations in HIE capabilities, which is needed to understand whether all clinicians are able to engage in HIE with one another, or only a subset. If only a subset, it is critical to understand what defines which clinicians can engage in HIE and which must use manual (ie, fax/phone) communication methods. Such assessment speaks to whether the approach to HIE in each country enables the exchange of all relevant clinical information or only a subset. Variations in HIE capabilities could also influence the perceived value of past medical history (PMH) and the conditions under which frontline clinicians seek it out. Finally, examining consistency among frontline clinician perspectives on the barriers to effective use of HIE capabilities across countries offers a novel assessment of whether there is an opportunity for collaboration that may not be currently pursued because of the perception that country HIE approaches are too varied.
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OBJECTIVE
In this study, we interviewed frontline clinicians (doctors and nurses) in 5 countries (Canada, Denmark, Finland, Germany, and the United States) with mature eHealth policies and HIE strategies. We focused on clinicians in the emergency department (ED) setting, because information needs in this setting are acute and similar across countries. We conducted semistructured interviews that assessed clinician perspectives on 3 topics: perceived value of PMH, factors driving clinicians to seek PMH in the context of HIE, and barriers to accessing and using PMH in the context of HIE. We then conducted thematic analysis to identify similarities and differences across countries. We also sought to map current HIE capabilities in each country by defining, for 7 distinct types of clinical information, what bounds whether the information is part of the clinician's local EHR or needs to be accessed from an outside system, as well as whether that access occurs via HIE. This study makes a novel contribution by capturing and comparing frontline clinician experiences with HIE in a diverse set of countries. New insights into clinician experiences with HIE serve to assess the current state of HIE, determine whether HIE has been implemented in ways that meet frontline clinician needs, and identify challenges that could benefit from cross-country learning. Our results specifically serve in facilitating cross-country learning that informs eHealth strategies and helping to ensure that the substantial investments in health IT to date translate into better care.
MATERIALS AND METHODS
Country and interviewee selection
We purposefully selected 5 countries that have varied health system structures and eHealth strategies. 12 Within each country, an expert on the HIE component of the country's eHealth strategy was identified. We asked the expert to identify a geographic area that included at least 3 hospitals that would be reasonably representative of HIE in that country. The selected countries and expert-identified regions were the United States (Midwest), Canada (Alberta), Finland (Uusimaa and Pohjois-Savo), Denmark (northern and southern), and Germany (Lower Saxony, Bavaria, and Hamburg). For the target hospitals in each geographic region, we worked with each country expert to contact ED physicians and/or nurses at each site to schedule in-person interviews. While our results within a given country only capture the experiences of the targeted hospitals, we use country names in place of hospital names or regions in which we collected our data.
Interview protocol and data collection
A semistructured interview guide (Supplementary Appendix A) was
developed that asked open-ended questions with specific prompts to elicit detailed descriptions of the clinician's experience with obtaining information from outside of his or her hospital. In the first section, respondents were asked to provide an overview of patient care in their specific ED. In the next section, respondents were asked to engage in a retrospective think-out-loud exercise, in which they described when they sought PMH as well as their workflows and associated challenges when accessing patient information that originated from outside their organization. 13, 14 The retrospective think-outloud protocol enabled us to capture the HIE capabilities that are in place, how these vary based on the source and type of patient information, and the usability of the various approaches. In the third section, respondents were asked to describe the benefits of access to a full patient history. In the final section, we asked clinicians to describe the effectiveness, ease, timeliness, and reliability of information gained from outside their institution. Twenty-six in-person interviews with 30 total respondents were conducted between May and September 2016. Occasionally, 2 subjects were interviewed together (based on clinician scheduling constraints), and in some interviews a translator was present. All interviews were recorded and transcribed.
Analysis
Transcript content was coded and analyzed using NVivo, a qualitative data analysis tool. We developed a codebook based on topics included in the interview guide. Two investigators independently coded 4 interview transcripts, then jointly reviewed and reconciled to ensure consistent application of the codes, which resulted in some minor code modifications. After the codebook was finalized, it was used to code the remaining interviews using the same process of independent coding and joint reconciliation by the same 2 investigators.
To identify key themes in 3 focal topic areas -the perceived value of PMH, factors driving clinicians to seek PMH, and barriers to receiving and using PMH -we identified relevant codes and then extracted the associated transcript quotes associated with those codes. These were then organized by country. We reviewed the quotes and then summarized their content in an analytic matrix, which was then used to identify key themes. Selected quotes organized by theme are included in manuscript tables; tables with all quotes are included in Supplementary Appendix B.
To map the boundaries of information access in each country, we abstracted objective descriptions for each country that specified how each of 7 types of clinical information (inpatient: physician notes, medications, lab results, image interpretations, images; outpatient: physician notes, medications) was accessed when it was stored in the respondent's local EHR vs outside of it, recognizing that the latter could occur in multiple different ways depending on the outside source. The resulting summary specified the boundaries that defined a local EHR (eg, single hospital, multihospital system) as well as the boundaries that defined when information could be accessed via HIE (eg, if same EHR vendor, if same geographic region). In instances where there were differences between hospitals in a single country, both boundaries were included. Following the initial analysis, country experts clarified ambiguities and filled in missing information.
RESULTS
Perceived value of PMH
The value of PMH was almost universally agreed upon by both doctors and nurses in all 5 countries. Respondents perceived the value of PMH in 2 domains: more appropriate and safer care, and avoidance of wasteful utilization (ie, reduced patient time spent in the ED and imaging and lab tests ordered) ( Table 1) .
Theme 1: More appropriate and safer care. Appropriate care was discussed by the majority (67%) of respondents. A Canadian physician said that inadequate PMH might result in litigation and "wasteful, if not inappropriate treatment." Adequate PMH allows doctors to increase the "effectiveness of the initial treatment started" (MD, Denmark), and gives physicians a "better clinical assessment" (MD, Denmark). A Finnish physician commented that "it helps you enormously to treat [patients] well from the very beginning," and a US physician said that "with more info we can focus on what is necessary to do today."
Theme 2: Avoid wasteful utilization. Respondents also reported that access to PMH serves to reduce overall medical utilization (73% of respondents) by reducing patient time spent in the ED as well as decreasing lab and imaging orders. A Danish doctor said that, with adequate PMH, you can "make your decisions much earlier," enabling patients to get to the appropriate ward (or be discharged) faster and thereby spend less time in the ED. More specifically, having PMH can decrease the time required for the initial differential diagnosis, partly due to not having to order and wait for new labs and imaging.
Factors driving clinicians to seek PMH
Despite broad agreement that PMH is valuable, respondents reported that they primarily seek it from sources outside of their local EHR based on 2 factors: the acuity of the patient and the ease of accessing information and associated impact on clinician time ( Table 2) .
Theme 1: Patient acuity. One factor that determines whether clinicians look outside of their local EHR is the acuity of the patient (43% of respondents). Respondents mentioned that if a young, uncomplicated patient presented with a simple acute injury (usually trauma was mentioned), they may not choose to look for additional PMH. In addition, if the patient is in critical condition, they do not have time to look for PMH. A Finnish doctor said, "If the patient is critically injured, all this info isn't so important because I have to keep him alive." The older and more chronically ill the patient, the more likely the doctor will look for PMH from external sources. Another Finnish doctor said, "If I knew that the patient is very very ill, or has been recently examined in a certain way that would [require] this sort of information, [then] it would make a difference."
Theme 2: Ease of PMH access and associated clinician time constraints. Thirty percent of respondents also pointed to ease of PMH access and associated implications for clinician time required to seek information as a factor in whether they attempt PMH access from outside sources. However, this factor was described somewhat differently across countries. US and German doctors mentioned available clinician time as the deciding factor. If they have enough time, they will start seeking it, but if not, then they do without. They perceived that they rarely had electronic access to outside PMH, and as a result, getting the needed information requires a phone call, which takes time. One US doctor said, "The time utilization and resource utilization become critical. So I am left with the decision of, really, am I going to be able to provide better care for my entire ED by getting on the phone and getting this one piece of information? Or so should I just obtain my own version of this, which frees up my time to do more things?" In Canada and Denmark, clinicians described the same dynamic, but in the context of geography as a driving factor to look for PMH. This is because if a patient comes from within their province, they have electronic access to PMH in the province, but out of province requires a phone call, requiring more time. A Canadian doctor said, "If it is very easy to access, you are going to use that resource more often."
Ability to access PMH through HIE
We found varied HIE capabilities across and within countries due to heterogeneity in EHR boundaries, as well as HIE capabilities that provide access to outside sources of PMH (Table 3 ). In addition, we found that outpatient PMH was, in general, less likely to be accessible via HIE.
Theme 1: Inconsistent access to PMH. Access to PMH was shaped both by the boundaries around clinicians' local EHRs and by the extent to which outside sources of PMH are accessible via HIE. Both dimensions varied across countries and, in some cases, within countries. For example, in terms of EHR boundaries within Canada, one ED EHR included only ED patient data, while another ED EHR included lab and imaging data from all public hospitals in the city. In Finland, one hospital could access radiology images from a subset of hospitals, but could not access physician notes from those same hospitals. In most cases, this was due to hospitals using different systems for various information types instead of one integrated system. For example, a hospital would use an EHR for physician notes that only had information for the hospital, but a picture archiving and communication system for images that would be shared by all hospitals in a geographic region.
Theme 2: HIE based on geography vs. EMR vendor. In Canada, Denmark, and Finland, the ability to access information from outside of a local EHR was primarily defined by geographic boundaries. In Canada, for example, the province of Alberta implemented Netcare, a standardized information warehouse that aggregates data from local EHRs and pharmacies. As a result, physicians and nurses felt they could access all forms of health information for patients from within the province. Unique to the United States, physicians felt they could access patient information based on the EHR vendor, regardless of geographic boundaries. In some instances, they said they could more easily get information from another health system across the country that used their vendor as opposed to a local hospital that used a different vendor.
Barriers to receiving and using past medical history There was broad agreement among clinicians on the barriers to receiving and using PMH: difficulty finding and accessing sources of external PMH, time delay in receiving information, and finding relevant information in documents received (Table 4) .
Theme 1: Difficulty in finding and accessing external sources of PMH. The majority of respondents (54%) reported difficulty knowing where the external PMH was located. First, they had to determine if the information was available through HIE or if they needed to pursue manual fax/phone. If it was electronic, some clinicians needed to search through multiple HIE systems, while others reported difficulty remembering multiple unique username and password combinations. They reported that there were too many electronic and/or paper resources that could contain the relevant information, such that they do not know where to look. A Canadian physician stated, "Here [in a different HIE] is a new username and password, and it's not connected well enough. I'm not going to access this one website just for this one piece of information." Clinicians who worked with HIE systems that utilized single sign-on, the ability to access independent software systems with a single username and password, reported easier access. Theme 2: Delay in receiving information. Sixty percent of respondents commented that even when they could access or receive usable information, the length of time it took to receive the information limited its use. A German doctor stated, "We have a problem now, and I need to solve the problem. And it takes too much time and it is too difficult to get the information. And if I have a patient now and a problem, I need to solve it. And after, I can look for the other [information] . But in the emergency department, hours are a long time, and I have to make the decision before I will probably get the information from another hospital." A US doctor noted, "In an environment where time becomes a factor both in terms of it is measured and it is valued, sometimes it is easier to repeat a test here than it is to wait for a test that was done before to come from an outside hospital. Sometimes you do not have the luxury of waiting; you need to do it now because there is an imminent issue that needs to be addressed."
Theme 3: Difficulty finding relevant information in documents received. Once they received outside information, 37% of respondents reported difficulty finding the relevant information within the electronic database or document. A US physician reported, "Inevitably when you request full medical records, you get 600 pages of medical records, in which half a page of one is what you are looking for." In terms of electronic data, some clinicians reported difficulty scrolling through many pages. A Finnish nurse reported, "Scrolling. I mean sometimes, the longest time that it takes me to check the information from Pegasos takes 46 minutes. It is a very long time." Others reported the need to click on dozens of links to search for information.
DISCUSSION
As electronic health information exchange capabilities mature worldwide, it is valuable to assess the extent to which they are meeting the needs of frontline clinicians. We interviewed emergency room physicians and nurses in the United States, Canada, Denmark, Germany, and Finland in order to characterize the state of HIE in each country and to identify (1) the perceived benefits of access to complete PMH, (2) the conditions under which PMH is sought in the context of HIE, and (3) the challenges to accessing and using HIE capabilities. In regard to physician notes and medications, community hospital clinicians have access to local hospital data; tertiary university center physicians have login access to city hospital EMRs. c Regional hospitals utilize the university system lab and picture archiving and communication systems; therefore, university hospital clinicians have access to imaging and lab data for the entire region.
Each country had a different approach to HIE that dictated what information clinicians could access electronically. Despite these differences in HIE approaches, we found overlap in clinician views on HIE. Clinicians agreed that the benefits of access to PMH included appropriate and safer care, reduced patient time in EDs, and reduced labs and imaging orders. Conditions under which PMH was sought included moderate-acuity patients, patients with chronic medical conditions, and instances where accessing PMH was easy/convenient. Challenges to access and use included difficulty knowing where external information is located and how to access it, lack of single sign-on, delay in receiving information, and difficulty finding information. That we found broad agreement on the value of HIE to access PMH is not surprising. More surprising is that, even with different HIE approaches, challenges were similar and they shaped the conditions under which PMH was sought. This suggests a potential to engage in cross-country learning to increase frontline clinician use of HIE.
It is particularly interesting that frontline clinicians in all 5 countries found common ground in identifying 2 key barriers to accessing past medical records from outside institutions: not knowing where to find the information and not being able to use the information that is available to them. These barriers cut across various boundaries of what information was accessible in the local EHR versus via HIE. The barriers also cut across the 2 predominant HIE structural approaches: centralized and decentralized. In a centralized system, a third-party information aggregator, separate from the local EHR, accepts information from local sources such as other hospital EHRs, pharmacy systems, and clinics. In a decentralized system, outside information is compiled and incorporated directly into the local EMR following an outside query. 15 A centralized approach is employed in Alberta (Canada), Denmark, and Finland. A decentralized approach is employed in Germany and the United States. It therefore does not appear that any particular HIE approach has emerged as superior There are at least, I think, 10 ways to find or investigate, so it takes time. . . . That's why it is great problem nowadays. RN, Finland: (asked where he could obtain information) We do have possibility to use, for example, Navitas [Finnish HIE] on the network, but it is very complicated because the passwords, and they are valid for short times, so you can't use them. MD, Canada: (asked how ease of access affected attempts at obtaining information) One example I have is there is one radiology system that sometimes you can only see the dictations, and not the actual image. And so they sent us a piece of mail saying you can log into this website, and here is a new username and password, and it's not connected well enough. I'm not going to access this one website just for this one piece of information when I can access Netcare and get all of the information. ... It is just remembering all the steps and login. Delay in Receiving Information MD, Canada: (asked about ease and timing of EMR information access) Sometimes it can be hours before you'll get any information back. Sometimes rarely the patient will have a name and network for the physician, and so if I can find a physician number, then I'll just call the physician directly, or have them paged through that hospital system, if it's, if I know that they're working through, you know, general, you know, something like that, but most of the time, the patients come in after hours and so finding somebody that knows them is very difficult. ... To be honest, not very often are we then able to access those records in a timely fashion that would change our decision-making in the emergency department. Most often where it becomes relevant is if we know the patient is going to end up being admitted and then we get working on those records so that the admitting doctor then has access to those. MD, Germany: (asked how time impacts usability of past medical records) We have a problem now, and I need to solve the problem. And it takes too much time, and it is too difficult to get the information.
And if I have a patient now and a problem, I need to solve it. And after, I can look for the other. But in the emergency department, hours are a long time, and I have to make the decision before I will probably get the information from another hospital. MD, United States: (asked about the effect of a delay in information received) It is multifactorial, ranging from a lot of different things. In an environment where time becomes a factor both in terms of it is measured and it is valued, sometimes it is easier to repeat a test here than it is to wait for a test that was done before to come from an outside hospital. from the perspective of frontline clinicians and that all approaches need to address a key set of barriers to ensure that HIE capabilities are usable.
As countries continue to invest in HIE, our findings suggest 2 key domains in which they should focus improvement efforts. First, clinicians across countries reported that they did not know where to go to find information, because information from different external organizations was accessible in different places. Making this problem worse, in many cases, clinicians were unaware of the organization(s) where patients had previously received treatment. This suggests that creating a single approach to accessing all external information would have substantial value. If that is not feasible, clinicians need more training on where to go to access information from various external organizations. For example, clinicians could receive context-sensitive popup instructions within the EMR on how to access various HIE approaches. In addition, simple reference cards could be available at EHR terminals that list the different HIE approaches available, when they should be used (eg, based on places where patients previously received treatment or the type of PMH the clinician is seeking), and how to access them. These strategies would be facilitated by ensuring that any HIE approach could be accessed without requiring clinicians to enter additional username and password information, either by integrating it into the local EHR or by enabling single sign-on.
Second, not only do clinicians need more streamlined access to the information, but information needs to be presented in a way that is usable. Having access to hundreds of pages of text does not allow emergency room clinicians to quickly use the information they need in that fast-paced environment. Clinicians should be able to quickly search for and find the type of information they are seeking, and trend data across multiple encounters. This would be greatly facilitated by focusing on access to organized data. When presented with organized data, clinicians can sort information by data type (notes, labs, imaging, medications, etc.), trend structured data (eg, lab values), and search through multiple encounters. With unorganized data, clinicians generally needed to scroll through pages (sometimes >100) of medical record information with limited ability to search, sort, or organize.
The example that came closest to enabling clinicians to go to a single place for all external information and emphasized access to structured data was Netcare in Alberta, Canada. Netcare is a thirdparty information aggregator that aggregates data from most hospitals, pharmacies, and clinics in Alberta. As a result, clinicians only need to access one source outside their local EHR to get information. In addition, Netcare includes single sign-on, direct access to a given patient's Netcare information when the provider is in the patient's record in the local EHR, and use of structured data that can be searched, trended, etc. One physician went so far as to say that Netcare was her primary source of PMH. Although other countries have sought to develop a national system similar to Netcare, they rely more heavily on unstructured data, making them less usable. For example, comparing Netcare to Navitas, Finland's regional database, the latter combines all structured data (eg, labs, vitals) and unstructured data (eg, physician notes) from single encounters into unstructured text reports (though the reports have structured headers, such as time and specialty, that can be searched). To access information from those reports, clinicians must click on a hyperlink. This prevents searching within reports, trending data between reports, or sorting information by type. This comparison highlights the potential for cross-country learning to facilitate improvements to HIE capabilities and maximize effectiveness of HIE for frontline clinicians.
LIMITATIONS
This study has several key limitations. First, the sample size was limited to 3 hospitals within each country and a small sample of physicians and nurses within each hospital. While we attempted to select regions that were representative of the countries in terms of HIE capabilities, no region perfectly represents any country. However, the purpose of this project was not to do a generalizable assessment of HIE by country. Instead, we hoped to gain insight from frontline clinicians based on their experiences, and compare the similarities and differences. Second, interviews were semistructured, allowing for some flexibility based on the natural flow of the conversation. As such, some follow-up was required to complete or clarify responses to some questions. Finally, in some cases, the understanding by frontline clinicians of what could and could not be accessed via HIE was inaccurate (ie, they had the ability but were not aware of it). We chose to report findings as conveyed by our respondents, but noted where these varied from what was technically available as reported by country experts.
CONCLUSION
Despite significant investment in eHealth in general and HIE in particular, we lack data on frontline clinician experiences with HIE. In this study, we interviewed frontline clinicians in emergency settings in 5 countries about their HIE experiences. Overall, we found that no country has yet to achieve the full benefits of optimal health information exchange in which physicians and nurses can receive and use PMH in an efficient and effective manner regardless of where their patients have previously received care. We also found that, despite different approaches to HIE, clinician experiences and reported challenges were remarkably similar. This suggests that countries need to continue to work to improve HIE, and that doing so collaboratively would be valuable.
